Abstract-Load following of thermal power plants becomes exceedingly difficult as dependence upon variable power generation increases. Energy storage systems (ESS) can manipulate this unpredictable generation and provide controllable power from an otherwise uncontrollable source. Modeling the interaction between these technologies and the utility grid is fundamental for understanding performance and optimizing functionality. MATLAB is used to simulate these ESS behaviors. Historic data of generation and demand taken from ISO New England and IESO Ontario is used. The model treats the ESS as a series of equations to manipulate data and demonstrate ideal ESS behaviors over given daily, monthly, and seasonal time periods. ESS placed on the generation side of the transmission system is used to stabilize variable power production and maximizing the use of transmission line capacities. ESS on the load side of the utility system is used to match demand. Results show that, using this technology, dependence upon variable generation can be increased while maintaining power balance. Effective selection of ESS size can result in greater dependence upon clean energy, reduce transmission system capacity, and decrease power production costs.
INTRODUCTION
As earth's natural, non-renewable resources begin to deplete, the search for clean, renewable energies becomes increasingly important. Research is ongoing to find cost effective, efficient, and manageable ways of harnessing earth's renewable energies for consumption. Wind, solar, hydro, and geothermal power are several popular clean energy technologies that exist today. However, there are still many difficulties in using these producers to their maximum potential. As dependence upon uncontrollable power generation increases, meeting demand and maximizing transmission usage in a cost effective and efficient manner becomes exceedingly difficult [1] .
Large amounts of power sent down a transmission line cause conductor heating leading to temperature increases. This heat makes the lines expand and sag. If the line sags to the ground or touches any form of vegetation, fault damage will be incurred. Modern day transmission systems must be designed to handle maximum loads in order to avoid this issue. Due to the method of load following, the maximum capacity is rarely met and transmission capabilities are frequently underutilized [2] .
The goal of this study is to model energy storage systems (ESS) and utility grid integration for stability and control over renewable energy generators. ESS stability is defined as a realistic ESS size and the device's ability to store or discharge a sufficient amount of energy. A controlled system with larger dependence upon green energy and maximum power transfer through transmission systems may be possible through use of ESS. For the purpose of this study, dependence upon variable generation is defined as an increased reliance on renewable energies while maintaining sufficient power to meet demands. This study also calculates capacity factors of given renewable generation profiles [3] .
This investigation does not model specific energy storage systems. It is a study of fundamental energy storage behaviors when integrated onto the utility grid and used for control of variable generation. Behaviors include changes in size as well as response to daily, weekly, seasonal load and generation profiles. The model does not take into account transmission system losses i.e. the system is ideal.
II. OPTIMIZATION OF ENERGY STORAGE AND TRANSMISSION SYSTEM CAPACITY
To control variable generation and optimize transmission systems, ESS is required on both the generation and load side of the utility grid. On the generation side, ESS functions to capture excess variable generation and discharge energy according to transmission system capacity. Load side ESS manipulates energy from the transmission system to the load to satisfy consumer demand.
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A. Generation Side of Utility System
Three types of generation technologies produce electricity. The first is base generation. This group includes nuclear, large fossil fuel, and generally operates just below the minimum amount of demand. Base generation technologies have long response times for increasing or decreasing power production. Therefore, these technologies are designed to generate large amounts of power with little variation. Next, dispatchable generation is comprised of gas turbines, small fossil fuels, hydro, and can quickly be adjusted. Because of the ability to react more rapidly than base generation, dispatchable generation is used to follow demand and makes up the difference between base generation and time varying demand. This process is known as load following. Third, variable generation is comprised of wind farms, solar farms, and other naturally varying resources. A difficult dynamic is added to the balancing of supply and demand as wind and sunshine are under nature's control. This technology is the main cause for the necessity of integrating ESSs onto the grid. Let TOT P be the sum of the base, dispatchable and variable generation (1). Generation and demand are balanced when the demand,
As TOT P becomes more dependent upon variable power generation, adjusting dispatchable generation to load follow can easily cause a lack or excess amount of produced power. Both can result in large economic losses and unsatisfactory operation.
With the help of ESS, the ability to reduce transmission line capacities as well as maximize their capability becomes readily available. For example, by load following, a utility line must be designed to handle peak loading to avoid damage to the lines. However, the average power is significantly less. In other words, we over design the carrying capacity to handle peak power flow, but only reach that peak on occasion. Using ESS, peak loading can be mitigated through storage, allowing a constant average power to be transferred down the lines. Likewise, ESS can help mitigate variable generation dumping when excess power production occurs. These applications result in decreased transmission capacity requirements and minimized cycling of fossil fuel power output. Fig 2 shows an ESS being used to smooth out variable generation and create a constant flow of power down the transmission system. Without the ESS, the required transmission capacity would be as large as 1000MW and reached for only a few minutes each day. With an ESS, the capacity of the transmission system is reduced 15% and its potential is maximized. For this particular generation and demand profile, the size of the ESS required is 360.5MWH.
Figure 2. Model of Generation Side of Utility System
It is important to note that this model is over a 24 hour period. As larger data profiles are evaluated, the size of the energy storage system increases significantly (Fig. 3 ). ESS appears to be smallest when used for daily forecasts rather than weekly or monthly. If the system is designed to simply store or discharge energy over a week or month forecast, the size of the ESS becomes impractically large. Fig. 3 shows an ESS used over a 468 hour time period and would require a 7,435MWH ESS in order to maintain stability. This would not be practical or cost effective. The large size is a result of trending upward or downward demand as weekly and seasonal changes occur. Because of the large ESS requirement, smaller, economically viable installations would result in instability. Instability results when ESS cannot meet demand. Similar instability occurs when variable generation output dips and the storage is insufficient.
Note that a significant difference exists between power penetration and energy capacity. Fig. 3 shows a 20% variable power penetration percentage but only generates 2.21% of the total energy required. Fig. 2 also shows a 20% variable power penetration percentage but generates 10% of the total energy required. As larger time periods are taken into account, the amount of total energy required from variable generation decreases depending on the amount of energy being produced from base and dispatchable generation. 
B. Load Side of Utility System
The load side of the utility system creates a sensitive dynamic for overall system stability. By creating a constant flow of power in transmission lines balancing the load demand must be addressed by energy storage. An ESS on the load side stores and discharges power and energy differences between the transmission line and the load.
For charging, the ESS can be seen as part of the load, while discharging, the ESS functions as a form of generation (2) .
ESS P is the power flow to the load side energy storage system, TLC P is the transmission line capacity, and DEM P is the demand profile.
The size of an ESS on the load side is completely dependent upon the change in demand. (3, 4) ( ) ( )
min max (4) cap P is the maximum ESS power capacity and cap E . Fig. 4 shows the load side of the same model used in Fig.  2 . Without an energy storage system, when the demand is below the transmission line capacity, power would have to be spilled in order to meet demands. When the demand is above the transmission system capacity, a lack of generated power would exist and consumer needs would not be satisfied. Fig. 2 shows practical size in ESS on the generation side. However, Fig. 4 shows a required minimum size of 1,419MWH ESS on the load side. An ESS of this size is neither economical nor practical. Adjusting the transmission system capacity does not affect the size of the ESS, but only the stability. Stability is best when the transmission system capacity is equal to the average demand. Fig. 3 . Instability as a result of requiring such a large sized ESS exists in this case. As Fig. 5 demonstrates, demands have increasing or decreasing trends over longer periods of time, depending on the season of the year. Utility systems need to operate on a day to day basis based on accurate load forecasting. Analysis of past demand trends can show the required ESS sizes, optimize generation percentages, decide how much renewable energy dependence can exist, and design transmission systems accordingly. This analysis must be conducted case by case to select proper ESS according to data analysis as well as geological location. 
is the change in power capacity of the ESS, x is the current percentage dependence on the generation type being iterated, and h is the interval at which the percentage is iterated.
As the model iterates the power generation, it calculates the energy required from the demand. Adjustment is then made to the amount of variable generation required based on a given wind profile until total energy generation is equal to demand energy. The ESS is then used to control the variability of wind generation and create a stable flow of power. Fig. 6 shows that the size of the energy storage system decreasing significantly as the dependence upon variable generation decreases. These generation and demand profiles were also used in Fig. 2 and Fig. 4 (24hr period). For this model, the dispatchable generation dependence was fixed at 25% while the base percentage was increased at h =2.5% intervals. When the sensitivity curve in Fig. 6 crosses the x-axis at zero, the ESS is smallest. However, this is also when we are heavily dependent upon traditional fossil fuel generation, i.e. they produce 95% of power generated. While the base generation percentage is low, insufficient generated energy cannot meet the demand. As a result, the region on the plot between 30% and roughly 40% is considered unstable due to a lack of generation during this 24hr period. Confirmation of this behavior was then investigated with different load and generation profiles. The profiles used were those modeled in Fig. 3 and Fig. 5 (468hr period) . The graph shows a similar shape to that of Fig. 6 , however, the rate at which the ESS size changes is significantly larger and crosses the x-axis much more quickly. This is because even though power percentages are smaller, energy percentages generated from dispatchable and base generation are much larger. The similarities in the curves suggest similar behaviors between the two cases. This also demonstrates sensitivity of ESS stability. Changing a percentage of dependence by 2.5% can significantly increase or decrease the size of ESS required 
B. Fixed Base Generation, Iterated Dispatchable Generation
By fixing the base percentage of dependence, and iterating the dispatchable percentage, it as expected that the changes in size be similar to those modeled in Fig. 6 and Fig. 7 . However, they should be different as dispatchable generation load follows according to its capacity. 
C. Summary
The sensitivity analysis shows consistent correlations between variable generation dependence and ESS size. It is vital to understand how to optimize the size of ESS to be as small as possible, while maintaining system stability.
ESS size is dependent on several key factors including percentages of penetration from all types of generation, transmission system capacities, demand, etc. The amount of variable generation dependence can be determined by specific utility implementation. The ESS size is proportional to variable generation dependence.
IV. CONCLUSION
In conclusion, demonstration of fundamental behaviors of ESS integrated onto a simple utility model was evaluated. From this evaluation, it was shown that the size of energy storage required for a given area is dependent upon how much dependence upon variable generation is desired. The research also shows the delicacy of the system stability in its entirety. The selection of transmission system capacity, size of energy storage, balancing of base, dispatchable, and variable generation percentages of dependence, and demand all play a large role the creation of a stable, cost effective, and efficient utility system. This model clearly shows the possibility of using large-scale energy storage systems to reduce transmission line capacities, maximize the transmission system capacity factor, increase dependence upon variable generation, and mitigate excess or shortages of power production.
To select proper ESS size, type, and to understand expected behaviors, important factors need to be known:
• Demand Trends
• Desired dependence upon variable generation
• Transmission system capacities • Generation capacities and capacity factors of demand, variable generation, etc.
• Types of ESS that can be used (geographical location, sizes from evaluations, how long energy will need to be stored, etc.)
The most important aspect of this research is the distribution of energy storage on both the generation and load sides of a system. ESS on the generation side controls variable wind generation and creates a constant flow of power through transmission lines, thereby optimizing transmission system capabilities. However, this creates an inability to load follow on the consumption side of the system, which necessitates the use of ESS on the load side. During off-peak hours, the ESS can store excess energy from the transmission line, and use it to meet demands during peak hours when consumption requirements are higher than transmission capabilities.
Comparison of changes in size of energy storage systems as variable penetration percentages were changed showed trends in behaviors. As dependence upon variable generation increases, the size of the energy storage system also increases.
If larger dependence upon green energy is going to continue to advance, control of the generated power in order to maintain a cost efficient system will be required. Without the use of energy storage, the ability to depend on variable generation will be an impractical and wasteful form of generation.
